Introduction
Gastroparesis is a complex neuromuscular disorder characterized by delayed gastric emptying [1, 2] . The condition can cause a wide variety of symptoms, such as nausea, vomiting, bloating, early satiety, postprandial fullness, and chronic abdominal pain [3] . Chronic abdominal pain is often challenging to manage and hence opioid use is becoming common among patients with diabetic and idiopathic gastroparesis [4, 5] . Previous studies have reported that 30-43% of gastroparesis patients are on chronic opioids [4] [5] [6] [7] . Opioids provide immediate pain relief but can lead to other gastrointestinal side effects, such as nausea, vomiting, constipation, gastroesophageal reflux disease, and worsening of gastric emptying. This in turn leads to worsening of gastroparesis thereby turning it into a vicious cycle. However, these adverse effects are often overlooked when opioids are prescribed to these patients [4] . Many patients with chronic opioid use develop chronic abdominal pain and narcotic bowel syndrome [8] . In view of the increasing use of opioids and resulting opioid-induced gastroparesis, several studies are currently investigating alternative therapeutic options [9] .
The United States is currently in the midst of an opioid crisis and the opioid epidemic has been declared a public health emergency [10] [11] [12] . The continuing rise in the prevalence of OUD has led to a concurrent increase in opioidrelated complications, associated deaths and the burden on healthcare resources [11, 13] . According to a report from the US Department of Health and Human Services, in 2016 about 11.5 million Americans were misusing prescription opioids, while 2.1 million had OUD and more than 42,000 died from an opioid overdose [14, 15] . Up to one third of the patients in whom opioids were prescribed reported misusing them and approx. 12% transition to developing OUD [16] . The Centers for Disease Control and Prevention (CDC) estimated the total economic burden of prescription opioid misuse in the United States to be 78.5 billion dollars a year [17] . In April 2018, to address this national crisis, the US Department of Health and Human Services launched an initiative with the National Institute of Health called "Helping to End Addiction Long-term (HEAL)", to improve the treatment of opioid misuse and for exploration of alternative therapies in chronic pain management [18] .
Even though the use of opioids in gastroparesis is increasing, there continues to be a paucity of literature regarding the impact of OUD on outcomes in patients with gastroparesis. In the current study we aimed to evaluate the impact of OUD on the outcomes of patients hospitalized with gastroparesis and to delineate the trends associated with OUD and gastroparesis using a nationally representative sample.
Patients and methods

Data source
We used the National (Nationwide) Inpatient Sample (NIS) database from 2005-2014. The NIS database is developed and maintained by the Healthcare Cost and Utilization Project (HCUP) and is utilized in decision making at national and community levels. It is the largest publicly available all-payer inpatient healthcare database in the United States. The HCUP is an initiative of the Agency for Healthcare Research and Quality. The NIS database contains de-identified data for more than 7 million unweighted annual hospital stays and 35 million weighted annual US hospitalization records. From 2005-2014, NIS included between 7 and 8 million discharges yearly from 1051-4411 hospitals in 37-45 states across the US [19] .
The NIS is the nation's most comprehensive source of hospital data, which enables researchers to study healthcare delivery and patient outcomes. It is a discharge-level database that contains de-identified clinical and nonclinical data elements at both the patient and hospital-level. As a result, multiple admissions for a single patient are considered separate discharges and are entered separately in the database. Patientlevel data points include age, sex, race, income in the patient's zip code, and principal diagnosis, plus up to 29 secondary diagnoses, using the International Classification of Diseases, 9 th Revision, Clinical Modification (ICD9-CM) coding system, as well as up to 15 procedures using the ICD-9 CM procedural codes. Hospital-level data include hospital teaching status, number of beds, and hospital location (urban/rural). The NIS also contains information regarding discharge disposition, including death and resource utilization, length of hospital stay, and total hospitalization charges.
Study population
Patients included in the study were those with a principal diagnosis of gastroparesis (ICD-9 CM code 536.3). Patients were excluded if they were less than 18 years of age. Patients with concomitant OUD were then identified. The ICD-9 CM coding system does not have a unique code for OUD; therefore, we reviewed previously published manuscripts on the topic and identified a reliable algorithm to identify patients with OUD [12, 13, 20, 21] . We also followed the guidelines published in the HCUP statistical brief to identify the cases with OUD. The ICD-9-CM diagnostic codes used to identify cases with gastroparesis and OUD are listed in the Table 1 .
Study outcomes and variables
The primary outcome measure was in-hospital mortality. Secondary outcomes were: i) the prevalence and annual trends in OUD among patients hospitalized with gastroparesis; ii) resource utilization, as measured by length of hospital stay and total hospitalization charges and costs; and iii) independent predictors associated with OUD in gastroparesis patients. Multiple potential confounders were collected and accounted for during the analysis, including age, sex, race, NIS severity subclass, mortality risk subclass, comorbidities with Elixhauser comorbidity index, number of procedures, insurance status and primary payer, and hospital factors including region, bed number, hospital location, and teaching status.
Length of hospital stay, total hospitalization charges and patients' demographics were directly obtained from the NIS database. The HCUP provides data that contain hospitalspecific cost-to-charge ratios based on all-payer inpatient cost. All hospitalization costs were adjusted for inflation over the years using the consumer price index and presented in 2014 US dollars. Comorbidity burden was assessed using Elixhauser's comorbidity index [22] . 
Statistical analysis
All statistical analyses were performed using the SPSS Statistical software v25.0 (IBM corp., Chicago, Illinois). A bivariate analysis with Pearson's chi-squared test was used to compare the demographics, covariates and outcomes of interest among the study groups. Two-sided P-values were reported and a value less than 0.05 was considered to be statistically significant. We used a multivariate logistic regression model to adjust for the pertinent demographic variables and confounders. For the primary outcome, a logistic regression model was used to compare inhospital mortality between OUD and non-OUD patients. The HCUP comorbidity software was used to generate Elixhauser comorbidities from ICD-9 CM diagnosis codes. We adjusted for age, sex, race, insurance status, comorbidities, disease severity index and Elixhauser comorbidity index. We used a general linear model and performed multivariate analysis to calculate adjusted mean differences in length of stay and cost of hospital care.
Results
Patient and hospital characteristics
A total of 145,700 hospitalizations with gastroparesis were included in our analysis (Fig. 1 ). Of these, 4519 (3.1%) patients also had OUD. The mean age of the study cohort was 46.9 years and 73.6% were female. The majority of the patients were Caucasians (67.2%), were cared for at hospitals with a large number of beds (64.1%), were admitted to an urban teaching hospital (51.4%), and were weekday admissions (77.8%); 40.1% of the patients had Medicare insurance. Patient demographics have been summarized in Table 2 .
Prevalence and trends of OUD in hospitalized gastroparesis patients
From 2005-2014, total gastroparesis-related hospitalizations increased by 59%, from 9924 to 15,865 (Table 3) . During the same period, the prevalence of OUD in gastroparesis patients increased by 227%, from 209 to 685. The percentage of gastroparesis patients with OUD doubled between 2005 (2.1%) and 2014 (4.3%). Fig. 2 shows a graphical representation of the changes over that decade.
In-hospital mortality
The overall mortality rate of the entire cohort was 4 deaths per 1000 hospital admissions. The unadjusted mortality rate in patients with gastroparesis and OUD was 0.2%, while it was 0.4% in patients without OUD. However, gastroparesis patients with OUD were significantly younger than those without. We then performed a multivariate regression analysis, adjusting for all potential confounders outlined in the Methods section. After adjusting for confounders, patients with OUD had significantly greater mortality compared to patients without (Table 4) .
Healthcare resource utilization
The mean length of stay was longer in patients with OUD (5.8 days) than in those without (5.1 days) ( Table 4) . After adjustment for confounders, gastroparesis patients with OUD were associated with a hospital stay 1.5 days longer compared to other gastroparesis patients (95%CI 1.3-1.7, P<0.001).
The mean total hospitalization costs were also higher for patients with gastroparesis and OUD ($9338) than for those without OUD ($8336). Patients with OUD and gastroparesis had significantly higher total hospitalization costs, according to multivariate regression analysis to adjust for confounders. The mean adjusted difference in total hospitalization costs was $2077 (95%CI $1788-2365, P<0.001). Table 5 shows the independent predictors for OUD in patients with gastroparesis. The strength of association for OUD was tested using multivariate regression analysis. The variables used have been outlined in the Methods section. The variables found to independently increase the odds of OUD in gastroparesis patients were younger age, female sex, Medicaid insurance, concurrent alcohol use, and depression. Gastroparesis patients with more severe illness, those presenting to urban hospitals and weekend admissions were also more likely to have OUD.
Independent predictors for OUD in patients with gastroparesis
Discussion
We used the largest inpatient all-payer database to evaluate the impact of opioid use diagnosis on patients hospitalized with gastroparesis. To the best of our knowledge, this is the first study to analyze the impact of OUD among gastroparesis patients on a national scale. We found a steady increase in the prevalence of OUD in hospitalized gastroparesis patients over the last decade. In addition, patients with gastroparesis and OUD had significantly higher mortality and increased healthcare resource utilization, measured by length of hospital stay, and total hospitalization costs. Our study confirms the previously reported trend of an increase in OUD prevalence in various other hospitalized populations [4, 12, 13] . Weiss et al previously analyzed the national inpatient sample database and published their findings in the HCUP statistical brief [12] . They reported an overall increase in the prevalence of OUD hospitalizations by 64.1% over the last decade [12] . We found this increase in the prevalence of OUD to be 227% in gastroparesis patients, 3-4 times higher than other hospitalizations. Another study analyzing the prevalence of OUD in patients hospitalized for inflammatory bowel disease reported an 88% increase in the prevalence of OUD over the past decade [13] . Since the prevalence of OUD in gastroparesis patients is increasing much faster than that of other disorders, these patients are likely to continue to be more vulnerable to OUD-related complications in coming years. This increase is probably related to the overall increase in OUD. Patients with gastroparesis usually have chronic abdominal pain and are more likely to end up on opioid therapy.
According to our study, OUD not only increases the risk of in-hospital mortality, but it also significantly increases the length of hospital stay and the overall cost of care, thus adding to the overall national healthcare burden. The impact on mortality and healthcare resource utilization persisted even after adjustment for potential confounders. These findings are consistent with the impact of OUD on other chronic disease [13] . A possible reason is that patients who have OUD are perhaps more likely to get intravenous narcotics on admission to the hospital. It then takes longer to transition them back to oral opioids before discharge, compared to those without OUD. This results in a prolonged hospital stay and in turn an increase in hospitalization costs. In addition, chronic opioid use has been reported to be associated with poor quality of life in previous survey-based studies [23] . Gastroparesis patients who are chronically on opioids are more likely to be unemployed and work less [4] . More than 130 daily deaths result from opioid-related complications and the overall economic burden of opioid disorder is significantly high. The White House Council of Economic Advisers estimated that the cost of opioid-involved overdose deaths in 2015 was $549 billion [24] [25] [26] . The CDC and Department of Health and Human Services have implemented various measures to curb the health care and economic burden of the OUD.
We also found that younger patients with gastroparesis were more likely to have OUD, as were females and patients with Medicaid insurance. Our finding in the gastroparesis cohort is consistent with a CDC report that showed a 4-fold increase in OUD during labor and delivery; safety measures have since been introduced to limit the maternal and neonatal complication rate [27, 28] . This emphasizes the need for special attention to gastroparesis management for women of childbearing age. Caution should be observed and alternative therapy should be sought in such cases. OUD in gastroparesis patients appears to be more of an urban phenomenon, with a much higher prevalence in urban hospitals, both teaching and non-teaching. Behavioral pattern also appears to play an important role in the development of OUD. Our multivariate analysis also found alcohol use and depression to be independent predictors of OUD in patients with gastroparesis. Likewise, alcohol use and depression increased the risk of OUD in gastroparesis patients. Previous reports have suggested that patients with underlying psychiatric illnesses have a higher perception of pain [29] . This is possibly why these patients are more likely to end up on chronic opioid therapy.
Adequate pain control is very important in the management of gastroparesis. However, the use of opioids in these patient populations is fraught with extensive disadvantages, including worsening of gastroparesis symptoms, failure of implanted pacemakers, labor-and delivery-related complications, increased mortality, and increased overall healthcare expenditure [7, 23] . Gastroparesis patients are at particularly higher risk for these complications. Hence, efforts should be made to seek alternative pain management modalities for these patients.
Our study has several limitations. It was a large database observational study, which does not allow for individual chart reviews. We were unable to assess the severity of pain for each individual hospitalization or the specific indication for opioids. We could not differentiate whether the opioids in these patients were used for the gastroparesis-related abdominal pain, or whether the gastroparesis was a manifestation of opioid use. Moreover, our data were obtained from an administrative database. It has been documented that claims-based databases are susceptible to inaccurately entered or missing codes [30] . However, ICD-9 CM codes have been shown to have a high specificity and sensitivity when used to study gastrointestinal diseases [31] . The NIS database also does not allow us to identify the etiology of gastroparesis (diabetic, idiopathic, etc.) and hence we cannot differentiate the impact of OUD on gastroparesis with different etiologies. Lastly, since our study was retrospective, the study population was not randomized. Even though we used a robust statistical analysis to adjust for confounding factors, there is still a risk of residual confounding.
Despite these limitations, our study has several strengths. It is the first to evaluate the extent and impact of the opioid epidemic on patients with gastroparesis. It used the largest publicly available inpatient national database. The use of such a database minimizes the biases seen in single-center or even smaller multicenter studies. This makes the results more generalizable across the country. With increasing opioid dependence in the US and strenuous efforts by the Government to curb the use of opioids, this analysis is both timely and warranted for gastroparesis patients.
In conclusion, the prevalence of OUD is increasing in patients with gastroparesis. OUD was associated with relatively higher mortality and increased health care utilization in hospitalized gastroparesis patients. Gastroenterologists need to be cautious about using opioids in patients with gastroparesis and alternative pain management modalities should be preferred in these patients. Further large prospective studies are needed to validate our findings.
Summary Box
What is already known:
• The opioid epidemic has been declared as a public health emergency in the United States • Opioids are often used for managing pain in patients with gastroparesis
What the new findings are:
• There has been an increase in the prevalence of opioid use disorder in hospitalized gastroparesis patients over the last decade • Patients with gastroparesis and opioid use disorder had relatively higher mortality and consumed more healthcare resources than did those with no opioid use
